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1
OPTICAL UNIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from the prior Japanese Patent Application No.
2011-0962534, filed on Apr. 22, 2011, and International

Patent Application No. PCT/JP 2012/002359, filed on Apr.
4, 2012, the entire content of each of which 1s incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to an optical unit, and in
particular, to an optical unit to be used in an automotive
lamp.

2. Description of the Related Art

Until now, halogen lamps and HID (High Intensity Dis-
charge) lamps are adopted as the white light sources of
automotive lamps. In addition, automotive lamps, 1n each of
which an LED 1s adopted as a light source, have been
developed in recent years. When a white light source 1s
achieved by using an LED, a blue LED and a yellow
phosphor are generally combined together. In addition, it 1s
known that lighting lamps, 1n each of which white light 1s
achieved by combining together LEDs having emitted light
colors different from each other, have been devised.

SUMMARY OF THE INVENTION

However, when white light 1s achieved by combining an
LED and a phosphor, part of the emitted light from the LED
1s absorbed into the phosphor, and hence the efliciency 1n
using the light emitted by the LED 1s decreased. Accord-
ingly, a further improvement 1s required for an increase 1n
luminance. On the other hand, when white light 1s achieved
with a lot of LEDs, having emitted light colors different
from each other, being aligned, the color or brightness is
likely to be uneven within an 1rradiation range.

The present mvention has been made in view of these
situations, and a purpose of the invention 1s to provide a
technique 1 which a light distribution pattern having a
desired color can be achieved.

In order to solve the aforementioned problem, an optical
unit according to an aspect of the present invention com-
prises: a light source including both a first light emitting
clement for emitting light having a first color and a second
light emitting element for emitting light having a second
color that 1s different from the first color; and a rotating
reflector configured to be rotated in one direction around a
rotational shaft, while reflecting the light having the first
color and the light having the second color, which have been
emitted from the light source. In the rotating reflector, a
reflecting surface 1s provided such that a predetermined light
distribution pattern 1s formed with the light having the first
color and the light having the second color, which have been
reflected by the rotation of the rotating reflector, being
superimposed one on another.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described, by way of example
only, with reference to the accompanying drawings which
are meant to be exemplary, not limiting, and wherein like
clements are numbered alike 1n several Figures, in which:
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FIG. 1 1s a horizontal sectional view of an automotive
headlamp according to the present embodiment;

FIG. 2 1s a top view schematically 1llustrating a configu-
ration of a lamp unit including an optical unit according to
the present embodiment;

FIG. 3 1s a side view in which the lamp unit 1s viewed
from A Direction illustrated 1in FIG. 1;

FIGS. 4A to 4] are perspective views 1llustrating situa-
tions of blades in accordance with rotating angles of a
rotating retlector 1n the lamp unit according to the present
embodiment;

FIGS. 5A to S5E are views illustrating projected images 1n
which the rotating reflector 1s at scanning positions corre-
sponding to the states of FIGS. 4F to 41, respectively;

FIG. 6A 15 a view 1illustrating a light distribution pattern
when a range of £5° 1n the horizontal direction with respect
to an optical axis 1s scanned by using the automotive
headlamp according to the present embodiment;

FIG. 6B 1s a view 1llustrating a light intensity distribution
of the light distribution pattern illustrated 1n FIG. 6A;

FIG. 6C 1s a view 1llustrating a state where a region of a
light distribution pattern 1s shielded from light by using the
automotive headlamp according to the present embodiment;

FIG. 6D 1s a view 1illustrating a light intensity distribution
of the light distribution pattern illustrated 1n FIG. 6C;

FIG. 6E 1s a view 1llustrating a state where a plurality of
regions of a light distribution pattern are shielded from light
by using the automotive headlamp according to the present
embodiment;

FIG. 6F 1s a view 1illustrating a light intensity distribution
of the light distribution pattern 1llustrated 1n FIG. 6E;

FIG. 7A 1s a view 1llustrating a projected image generated
when the light from an LED 1s reflected by a plane mirror
and then projected by an aspheric lens;

FIG. 7B 1s a view 1llustrating a projected image in an
automotive headlamp according to First Embodiment;

FIG. 7C 1s a view 1illustrating a projected image in an
automotive headlamp according to Second Embodiment;

FIG. 8 1s a front view of an optical unit according to
Second Fmbodiment;

FIGS. 9A to 9E are views 1illustrating projected images 1n
cach of which a rotating reflector 1s rotated by 30° from the
previous state in the optical unit according to the Second
Embodiment;

FIG. 10A 1s a perspective view of a light source according
to Second Embodiment;

FIG. 10B 1s a sectional view, taken along B-B Line 1n
FIG. 10A;

FIG. 11A 1s a view 1illustrating an irradiation pattern
formed by the optical unit according to Second Embodi-
ment;

FIG. 11B 1s a view illustrating a state where projected
images formed by the optical unit according to Second
Embodiment are combined;

FIG. 12A 15 a view 1llustrating a state where a compound
paraboloidal concentrator including an LED 1s arranged
such that the longitudinal direction thereotf 1s aligned with
the vertical direction;

FIG. 12B 1s a view 1illustrating a state where the com-
pound paraboloidal concentrator 1s arranged such that the
longitudinal direction thereof 1s inclined with respect to the
vertical direction;

FIG. 13A 1s a view 1llustrating an irradiation pattern
formed by an optical unit according to Third Embodiment;

FIG. 13B 1s a view 1illustrating a state where projected
images formed by the optical unit according to Third
Embodiment are combined;
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FIG. 14 1s a side view schematically illustrating a lamp
unit according to Fourth Embodiment;

FIG. 15 1s a top view schematically illustrating the lamp
unit according to Fourth Embodiment;

FIG. 16 15 a view 1illustrating a projected image occurring,
when a rotating reflector 1s 1n the state 1llustrated in FI1G. 14;

FIG. 17A 1s a view 1llustrating an 1rradiation pattern
formed by an LED arranged forward;

FIG. 17B 1s a view 1illustrating an 1rradiation pattern

formed by an LED arranged backward;

FIG. 17C 1s a view 1llustrating a combined light distri-
bution pattern formed by the two LEDs;

FIG. 18A 1s a view 1illustrating an 1rradiation pattern
having a light-shielded portion formed by the LED arranged
forward;

FIG. 18B 1s a view 1illustrating an 1rradiation pattern
having a light-shielded portion formed by the LED arranged
backward;

FIG. 18C 1s a view 1llustrating a combined light distri-
bution pattern having a light-shielded portion formed by the
two LEDs;

FIG. 19 1s a top view schematically illustrating a con-
figuration mm which an optical unit according to Fifth
Embodiment 1s included:

FIG. 20 1s a view schematically illustrating a light distri-
bution pattern formed by an automotive headlamp compris-
ing the optical unit according to Fifth Embodiment;

FIG. 21A 1s a view 1llustrating a light distribution pattern
formed by respective light sources;

FIGS. 21B to 21F are views each illustrating an irradia-
tion pattern formed by each of respective LED units;

FI1G. 22A 15 a perspective view of an LED unit according
to Fifth Embodiment;

FIG. 22B 1s a sectional view, taken along C-C Line in
FIG. 22A;

FIG. 22C 1s a sectional view, taken along D-D Line in
FIG. 22A;

FIG. 23 A 15 a view 1llustrating a light distribution pattern
having a light-shielded portion formed by the respective
light sources;

FIGS. 23B to 23F are views each illustrating an 1rradia-
tion pattern having a light-shielded portion formed by each
of the respective LED units;

FIG. 24 1s a perspective view ol a rotating reflector
according to Sixth Embodiment;

FIG. 25A 15 a view 1llustrating an 1deal irradiation pattern
when the shapes of respective blades are completely the
same as each other;

FI1G. 25B 15 a view 1illustrating an 1rradiation pattern when
an error 1s caused among the shapes of the respective blades;

FIG. 26 1s a perspective view ol a rotating retlector
according to a variation of Sixth Embodiment;

FIG. 27 1s a side view of the rotating reflector 1llustrated
in FIG. 26;

FIG. 28 1s a top view schematically illustrating a con-
figuration 1n which an optical unit according to Sixth
Embodiment 1s included:

FIG. 29 1s a top view schematically illustrating a con-
figuration 1 which an optical unit according to Seventh
Embodiment 1s 1included;

FIG. 30 1s a schematic view for explaining a difference
between distributed light colors 1n a light distribution pat-
tern;

FIG. 31 1s a schematic view for explaining a difference
between distributed light colors 1n a light distribution pattern
according to the variation;
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FIG. 32 1s a top view schematically illustrating a con-
figuration 1 which an optical unit according to a variation
of Seventh Embodiment 1s included; and

FIG. 33 1s a view illustrating arrangement of a rotating
reflector according to the variation.

DETAILED DESCRIPTION OF TH.
INVENTION

(1]

In order to solve the alorementioned problem, an optical
unit according to an aspect of the present invention com-
prises: a light source including both a first light emitting
clement for emitting light having a first color and a second
light emitting element for emitting light having a second
color that 1s different from the first color; and a rotating
reflector configured to be rotated in one direction around a
rotational shaft, while reflecting the light having the first
color and the light having the second color, which have been
emitted from the light source. In the rotating reflector, a
reflecting surface 1s provided such that a predetermined light
distribution pattern 1s formed with the light having the first
color and the light having the second color, which have been
reflected by the rotation of the rotating reflector, being
superimposed one on another.

According to this aspect, a predetermined light distribu-
tion pattern can be formed by the rotation in one direction of
the rotating reflector. Further, a light distribution pattern
having a color, which cannot be achieved by one type of
light emitting elements alone, can be formed by a plurality
of types of light emitting elements having emaitted light
colors different form each other.

The second light emitting element may emuit, as the light
having the second color, light having a color that 1s 1 a
complementary color relationship with the light having the
first color. Thereby, a light distribution pattern having white
color can be formed by using light emitting elements.

The optical unit may further comprise a current adjusting,
unit configured to adjust a current flowing through at least
one of the first light emitting element and the second light
emitting element. Thereby, the color of the light distribution
pattern can be changed.

Another aspect of the present imnvention 1s also an optical
umt. This optical unit comprises: a light source including a
first light emitting element for emitting light having a first
color, a second light emitting element for emitting light
having a second color different from the first color, and a
third light emitting element for emitting light having a third
color different from the first color and the second color; and
a rotating reflector configured to be rotated in one direction
around a rotational shait, while reflecting the light having
the first color, the light having the second color, and the light
having the third color, which have been emitted from the
light source. In the rotating retlector, a reflecting surface 1s
provided such that a predetermined light distribution pattern
having white color 1s formed with the light having the first
color, the light having the second color, and the light having
the third color, which have been reflected by the rotation of
the rotating reflector, being superimposed one on another.

According to this aspect, a predetermined light distribu-
tion pattern can be formed by the rotation 1n one direction of
the rotating reflector. Further, a light distribution pattern
having white color, which cannot be achieved by one type of
light emitting elements alone, can be formed by a plurality
of types of light emitting elements having emaitted light
colors diflerent from each other.

The optical unit may further comprise a current adjusting,
unit configured to adjust a current flowing through at least
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one of the first light emitting element, the second light
emitting element, and the third light emitting element.

Thereby, the color of the light distribution pattern can be
changed.

The mvention will now be described by reference to the
preferred embodiments. This does not intend to limit the
scope of the present mnvention, but to exemplily the mven-
tion.

Hereinafter, the present invention will be described based
on preferred embodiments and with reference to accompa-
nying drawings. The same or like components, members, or
processes illustrated 1 each view are denoted by the same
reference numeral, and duplicative description thereot will
be approprately omitted. The preferred embodiments are
illustratively described without limiting the invention, and
all of the features and combinations thereof described 1n the
preferred embodiments are not necessarily essential to the
invention.

An optical unit according to the present invention can be
used 1n various automotive lamps. Hereinafter, the case
where the optical unit according to the invention 1s applied,

of automotive lamps, to an automotive headlamp will be
described.

First Embodiment

FIG. 1 1s a horizontal sectional view of an automotive
headlamp according to the present embodiment. An auto-
motive headlamp 10 1s a right side headlamp mounted on the
right side of the front end portion of an automobile, and has
the same structure as that of a headlamp mounted on the left
side, except that the two structures are symmetrical to each
other. Accordingly, the right side automotive headlamp 10
will be described 1n detail hereinaiter, and description of the
left side automotive headlamp will be omatted.

As 1illustrated in FIG. 1, the automotive headlamp 10
includes a lamp body 12 having a concave portion that 1s
opened toward the front. The front opening of the lamp body
12 1s covered with a transparent front cover 14 to form a
lamp chamber 16. The lamp chamber 16 functions as a space
in which two lamp units 18 and 20 are housed in a state
where they are arranged to be aligned with each other in the
vehicle width direction.

Of these lamp units, the lamp unit 20 arranged outside,
1.€., arranged on the upper side illustrated in FIG. 1 1n the
right side automotive headlamp 10, 1s a lamp unit including
a lens and 1s configured to radiate a variable high-beam. On
the other hand, of these lamp umnits, the lamp unit 18
arranged 1nside, 1.e., arranged on the lower side illustrated 1n
FIG. 1 1n the right side automotive headlamp 10, 1s config-
ured to radiate a low-beam.

The lamp unit 18 for low-beam includes a retlector 22, a
light source bulb (incandescent bulb) 24 supported by the
reflector 22, and a non-1llustrated shade; and the reflector 22
1s supported tiltably with respect to the lamp body 12 by
non-illustrated known means, for example, by means using
aiming screws and nuts.

As 1illustrated in FIG. 1, the lamp unit 20 includes a
rotating reflector 26, an LED 28, and a convex lens 30 as a
projection lens arranged ahead of the rotating reflector 26.
Alternatively, a semiconductor light emitting element, such
as an EL element, LD element, or the like, may be used as
a light source, instead of the LED 28. A light source, 1n
which turning on/ofl can be accurately performed 1n a short
time, 1s preferred particularly for the control by which part
of a light distribution pattern i1s shielded from light, which
will be described later. The shape of the convex lens 30 may
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be appropriately selected 1n accordance with a required light
distribution pattern or a light distribution characteristic, such
as an 1lluminance distribution, but an aspheric lens or a
free-form surface lens 1s used. In the present embodiment,
an aspheric lens 1s used as the convex lens 30.

The rotating reflector 26 1s rotated in one direction around
a rotational shaft R by a drive source, such as a non-
illustrated motor. The rotating retlector 26 includes a reflect-
ing surface configured to form a desired light distribution
pattern by retlecting the light emitted from the LED 28 while
being rotated. In the present embodiment, the rotating reflec-
tor 26 forms an optical unait.

FIG. 2 1s a top view schematically illustrating the con-
figuration of the lamp unit 20 including the optical unit
according to the present embodiment. FIG. 3 1s a side view
in which the lamp unit 20 1s viewed from A Direction
illustrated 1n FIG. 1.

In the rotating reflector 26, three blades 26a, cach of
which functions as a reflecting surface and has the same
shape as those of the others, are provided around a tubular
rotating part 26b. The rotational shait R of the rotating
reflector 26 1s inclined with respect to an optical axis Ax and
provided 1n a plane including the optical axis Ax and the
LED 28. In other words, the rotational shaft R 1s provided to
be approximately parallel to a scanning plane of the light
(1irradiation beam) from the LED 28, the light scanming 1n the
horizontal direction by the rotation of the rotating reflector
26. Thereby, the thickness of the optical unit can be made
small. The scanning plane used herein can be understood, for
example, as a fan-shaped plane formed by continuously
connecting the trajectories of the light from the LED 28 that
1s scanning light. In the lamp unit 20 according to the present
embodiment, the size of the LED 28 included therein 1s
relatively small, and the position at which the LED 28 1s
arranged 1s present between the rotating retlector 26 and the
convex lens 30 and 1s shifted from the optical axis Ax.
Accordingly, the length in the depth direction (the vehicle
front-back direction) of the automotive headlamp 10 can be
made smaller than that of the case where a light source, a
reflector, and a lens are aligned 1n a line on an optical axis,
as 1 a lamp unit 1n a conventional projector system.

The shape of each of the blades 26a in the rotating
reflector 26 1s configured such that a secondary light source
of the LED 28, generated by being reflected, 1s formed near
to the focal point of the convex lens 30. In addition, each of
the blades 26a has a twisted shape in which the angle
between the optical axis Ax and the reflecting surface 1s
changed moving toward the circumierential direction
around the rotational axis R. Thereby, scanning using the
light from the LED 28 can be performed, as illustrated 1n
FIG. 2. This point will be further described 1n detail.

FIGS. 4A to 4E are perspective views 1llustrating situa-
tions of the blades 1n accordance with rotating angles of the
rotating reflector 26 in the lamp unit according to the present
embodiment. FIGS. 4F to 4] are views for explaining that a
direction, 1 which the light from the light source 1is
reflected, 1s changed 1n accordance with the states of FIGS.
4A to 4E.

FIG. 4A 1llustrates a state where the LED 28 1s arranged
so as to 1rradiate a boundary region between two blades 26al
and 26a2. In this state, the light from the LED 28 1s reflected
by a reflecting surface S of the blade 2641 and reflected 1n
a direction inclined with respect to the optical axis Ax, as
illustrated in FIG. 4F. As a result, of a region in front of a
vehicle where a light distribution pattern 1s formed, one of
both the left and right end portions 1s irradiated. When 1t 1s
in a state illustrated in FI1G. 4B after the rotating retlector 26
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1s rotated, the reflecting surface S (retlection angle) of the
blade 26al that reflects the light from the LED 28 1s
changed, because the blade 26al 1s twisted. As a result, the
light from the LED 28 1s reflected in a direction nearer to the
optical axis Ax than to the reflection direction illustrated 1n
FIG. 4F, as illustrated 1in FIG. 4G.

Subsequently, when the rotating retlector 26 is rotated as
illustrated 1n FIGS. 4C, 4D, and 4E, the reflection direction
of the light from the LED 28 1s changed toward the other end
of both the left and right end portions, of the region in front
of a vehicle where a light distribution pattern i1s formed. The
rotating reflector 26 according to the present embodiment 1s
configured to be able to scan a forward region 1n one
direction (horizontal direction) and one time with the light
from the LED 28, when rotated by 120°. In other words,
when one of the blades 26a passes 1n front of the LED 28,
a desired region 1n front of a vehicle 1s scanned one time by
the light from the LED 28. As 1llustrated in FIGS. 4F to 4J,
a secondary light source (light source virtual image) 31 1s
moved 1n the horizontal direction near to the focal point of
the convex lens 30. The number of the blades 264, the shape
thereol, and the rotating speed of the rotating reflector 26 are
appropriately set based on the results of experiments or
simulations, taking into consideration the characteristics of
a required light distribution pattern and flickering of an
image to be scanned. In addition, a motor 1s preferred as a
drive unit whose rotating speed can be changed 1n accor-
dance with various light distribution control. Thereby, a
timing at which scanning i1s performed can be easily
changed. As such a motor, a motor from which information
on rotation timing can be acquired 1s preferred. Specifically,
a DC brushless motor 1s preferred. When a DC brushless
motor 1s used, mformation on rotation timing can be
acquired from the motor 1tself, and hence equipment, such as
an encoder, can be omuitted.

Thus, 1n the rotating reflector 26 according to the present
embodiment, the front of a vehicle can be scanned in the
horizontal direction by using the light from the LED 28,
when the shape and rotating speed of the blades 26a are
devised. FIGS. 5A to SE are views illustrating projected
images in which the rotating reflector 1s at scanning posi-
tions corresponding to the states of FIGS. 4F to 4], respec-
tively. The unit of each of the vertical axis and the horizontal
axis 1s degree (°), and 1rradiation ranges and irradiation
positions are illustrated. As 1llustrated in FIGS. 5A to 5E, a
projected 1image 1s moved in the horizontal direction by the
rotation of the rotating reflector 26.

FIG. 6A 1s a view 1illustrating a light distribution pattern
when a range of +£5° 1n the horizontal direction with respect
to the optical axis 1s scanned by using the automotive
headlamp according to the present embodiment, FIG. 6B 1s
a view 1illustrating a light intensity distribution of the light
distribution pattern illustrated in FIG. 6 A, FIG. 6C 15 a view
illustrating a state where a region of a light distribution
pattern 1s shielded from light by using the automotive
headlamp according to the present embodiment, FIG. 6D 1s
a view 1llustrating a light intensity distribution of the hght
distribution pattern illustrated 1n FIG. 6C, FIG. 6E 1s a view
illustrating a state where a plurality of regions of a light
distribution pattern are shielded from light by using the
automotive headlamp according to the present embodiment,
and FIG. 6F 1s a view 1illustrating a light intensity distribu-
tion of the light distribution pattern illustrated 1n FIG. 6E.

As 1llustrated 1 FIG. 6A, the automotive headlamp 10
according to the present embodiment can form a light
distribution pattern for high-beam having a substantially
rectangular shape by reflecting the light from the LED 28
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with the rotating retlector 26 to scan a forward region with
the retlected light. Thus, a desired light distribution pattern
can be formed by the rotation 1n one direction of the rotating
reflector 26, and hence 1t 1s not needed to be driven by a
particular mechanism, such as a resonant mirror, and further
limitations on the size of the retlecting surface are smaller
than those on a resonant mirror. Accordingly, the light
emitted from the light source can be used efliciently 1n
lighting by selecting the rotating reflector 26 having a larger
reflecting surface. That 1s, a maximum light intensity 1n a
light distribution pattern can be enhanced. The rotating
reflector 26 according to the present embodiment has a
diameter approximately the same as that of the convex lens
30, and the area of the blades 26a can be made large 1n
accordance with the diameter.

In addition, the automotive headlamp 10 comprising the
optical unit according to the present embodiment can form
a light distribution pattern for high-beam, in which an
arbitrary region 1s shielded from light as illustrated 1in FIGS.
6C and 6E, by synchronizing the timing of turning on/ofl the
LED 28 or a change 1n the emitted light intensity with the
rotation of the rotating reflector 26. In addition, when a light
distribution patter for high-beam 1s formed by changing the
emitted light intensity of (by turning on/oil) the LED 28 so
as to be synchronized with the rotation of the rotating
reflector 26, control can also be performed, in which the
light distribution pattern 1s swiveled itself by shifting the
phase of the change in the light intensity.

As described above, the automotive headlamp according
to the present embodiment can form a light distribution
pattern by scanning with the light from the LED, and can
also form a light-shielded portion arbitrarily in part of the
light distribution pattern by controlling a change in the
emitted light intensity. Accordingly, a desired region can be
accurately shielded from light by LEDs, the number of
which 1s smaller than that of the case where a light-shielded
portion 1s formed by turning off part of a plurality of LEDs.
Further, the automotive headlamp 10 can form a plurality of
light-shielded portions, and hence, even when a plurality of
vehicles are present forward, the regions corresponding to
the respective vehicles can be shielded from light.

Furthermore, the automotive headlamp 10 can perform
light-shielding control without moving a basic light distri-
bution pattern, and hence an uncomiortable feeling, which
may be provided to a driver when light-shielding control 1s
performed, can be reduced. Furthermore, the automotive
headlamp 10 can swivel a light distribution pattern without
moving the lamp umit 20, and hence the mechamsm of the
lamp unit 20 can be simplified. Accordingly, the automotive
headlamp 10 1s only required to include, as a drive unit for
light distribution variable control, a motor necessary for the
rotation of the rotating reflector 26, thereby the configura-
tion of the automotive headlamp 10 can be simplified and 1t
can be manufactured at low cost and 1n a small size.

In addition, the rotating reflector 26 according to the
present embodiment also serves as a cooling fan for sending
air to the LED 28 that i1s arranged 1n front of the rotating
reflector 26, as illustrated 1n FIGS. 1 and 2. Accordingly, 1t
1s not needed to provide a cooling fan and a rotating reflector
separately from each other, and hence the conﬁguratlon of
the optical unit can be simplified. In addition, by air cooling
the LED 28 with the wind generated in the rotating reflector
26, a heat sink for cooling the LED 28 can be omitted or
miniaturized, and hence the optical unit can be reduced in
s1ze, cost, and weight.

Alternatively, such a cooling fan 1s not necessarily
required to have a function of directly sending air to the light
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source, and a cooling fan for generating a convection current
in a heat release unit, such as a heat sink, may be adopted.
The rotating reflector 26 and a heat sink may be arranged
such that the LED 28 1s cooled, for example, by generating,
with the wind generated by the rotating reflector 26, a >
convection current near to a heat release unit, such as a heat
sink, which 1s provided separately from the LED 28. Alter-
natively, the heat release unit may also be part of the light
source, not only being a separate member, such as a heat

. 10
sink.

Second Embodiment

When the light from an LED 1s reflected and projected
forward by a projection lens, the shape of a projected image
does not necessarily match the shape of the light emitting
surface of the LED. FIG. 7A 1s a view 1illustrating a projected
image generated when the light from an LED 1s reflected by
a plane mirror and then projected by an aspheric lens, FIG. ,,
7B 1s a view 1llustrating a projected image in the automotive
headlamp according to First Embodiment, and FIG. 7C 1s a
view 1llustrating a projected 1mage in an automotive head-
lamp according to Second Embodiment.

If a reflecting surface 1s planar, a projected 1mage 1s 25
similar to the shape of the light emitting surface of an LED,
as illustrated in FIG. 7A. However, the blades 26a, which
serve as reflecting surfaces, are twisted in the rotating
reflector 26 according to First Embodiment, and hence a
projected 1mage 1s distorted as illustrated mm FIG. 7B. 30
Specifically, a projected image 1s blurred (irradiation range
1s widened) and inclined 1n First Embodiment. Accordingly,
there are sometimes the cases where the shapes of a light
distribution pattern and a light-shielded portion, which are
formed by scanning a projected image, are inclined and a 35
boundary between the light-shielded portion and an 1rradi-
ated portion 1s unclear.

Accordingly, 1n Second Embodiment, an optical unit 1s
configured to correct a distorted 1image by retlecting light
with a curved surface. Specifically, a free-form surface lens 40
1s used as the convex lens, 1 an automotive headlamp
according to Second Embodiment. FIG. 8 1s a front view of
the optical unit according to Second Embodiment.

The optical unit according to Second Embodiment
includes the rotating reflector 26 and a projection lens 130. 45
The projection lens 130 projects the light reflected by the
rotating reflector 26 1n a direction 1 which the optical unit
radiates light. The projection lens 130 1s a free-form surface
lens by which an image of an LED, which has been distorted
by being retlected with the reflecting surface of the rotating 50
reflector 26, 1s corrected so as to be close to the shape of a
light source 1tself (shape of the light emitting surface of the
LED). The shape of the free-form surface lens may be
approprately designed in accordance with the twist or shape
of a blade. In the optical unit according to the present 55
embodiment, the 1image 1s corrected to be a shape close to a
rectangle that 1s the shape of a light source, as illustrated in
FIG. 7C. In addition, the maximum light intensity of a
projected 1mage by the optical unit according to Second
Embodiment 1s increased to 146000 cds, while that of a 60
projected 1mage by the optical unit according to First
Embodiment 1s 100000 cds (see FIG. 7B).

FIGS. 9A to 9E are views 1llustrating projected images in
cach of which the rotating reflector 1s rotated by 30° from the
previous state in the optical unit according to the Second 65
Embodiment. As illustrated in FIGS. 9A to 9E, projected
images, which are less blurred than those in First Embodi-
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ment, are formed, and hence a desired region can be irra-
diated accurately with bright light.

The light emitted from the LED 28 1s spread as 1t 1s, and
hence part of the light sometimes becomes useless without
being reflected by the rotating retlector 26. Even if reflected
by the rotating reflector 26, the resolution for a light-
shielded portion tends to be decreased when a projected
image becomes large. Accordingly, a light source in the
present embodiment 1s formed by both the LED 28 and a
CPC (Compound Parabolic Concentrator) 32 that concen-
trates the light from the LED 28. FIG. 10A 1s a perspective
view of a light source according to Second Embodiment, and
FIG. 10B 1s a sectional view, taken along B-B Line 1n FIG.
10A.

The CPC 32 1s a concentrator having a box shape, on the
bottom of which the LED 28 i1s arranged. The four side
surfaces of the CPC 32 have been subjected to mirror
finishing such that each of them has a parabolic shape whose
tocal point 1s located at the LED 28 or a region near thereto.
Thereby, the light emitted by the LED 28 1s concentrated and
reflected forward. In this case, 1t can be assumed that an
opening 32a of the CPC 32, the opening 32a¢ having a
rectangular shape, 1s the light emitting surface of the light
source.

Third Embodiment

In the optical unit according to Second Embodiment, the
shape of a projected 1mage can be corrected to be a shape
close to a rectangle that 1s the shape of the light source by
an action of the free-form surface lens. However, when a
light distribution pattern 1s formed by scanning a projected
image thus corrected, there 1s still room for improvement.

FIG. 11A 1s a view 1illustrating an irradiation pattern
formed by the optical unit according to Second Embodi-
ment, and FIG. 11B 1s a view illustrating a state where
projected 1mages formed by the optical unit according to
Second Embodiment are combined. FIG. 12A 1s a view
illustrating a state where the CPC 32 including the LED 28
1s arranged such that the longitudinal direction thereof is
aligned with the vertical direction, and FIG. 12B is a view
illustrating a state where the CPC 32 1s arranged such that
the longitudinal direction thereof 1s inclined with respect to
the vertical direction.

When a light source 1s 1n the state 1llustrated in FIG. 12A,
an 1rradiation pattern 1s inclined by approximately 10° with
respect to the horizontal line, as illustrated 1n FIG. 11A. In
addition, when a light source 1s 1n the state 1llustrated in FIG.
12A, each projected 1mage 1s inclined by approximately 20°
with respect to the vertical line, as illustrated 1n FIG. 11B.
Accordingly, a configuration for correcting these inclina-
tions will be described in the present embodiment.

At first, the inclination of an irradiation pattern can be
corrected by rotating the whole optical system, including the
projection lens 130 (see FIG. 8) that 1s a free-form surface
lens, the rotating reflector 26, and the LED 28, by 10° with
respect to the optical axis. In addition, the inclination of each
projected 1image can be corrected by inclining a light source
including the LED 28 and the CPC 32. Specifically, the light
emitting surface of the light source 1s provided 1n a state
where each side of the light emitting surface i1s inclined by
20° with respect to the vertical direction such that a pro-
jected 1mage, which 1s projected forward by the projection
lens 130, 1s close to upright, as illustrated in FIG. 12B.

FIG. 13A 1s a view 1llustrating an irradiation pattern
formed by an optical unit according to Third Embodiment,
and FIG. 13B 1s a view illustrating a state where projected
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images formed by the optical unit according to Third
Embodiment are combined. As 1illustrated in the views, the
inclinations of an 1rradiation pattern and each projected
image are corrected, and an i1deal light distribution pattern
can be formed. In addition, an irradiation pattern and a
projected 1mage can be corrected only by inclining the
projection lens 130 and the LED 28, and hence adjustment
for acquiring a desired light distribution pattern can be easily
performed.

Fourth Embodiment

As 1n the optical units according to the aforementioned
embodiments, a light distribution pattern for high-beam can
be formed by a single light source. However, the case where
a further bright irradiation pattern 1s required or the case
where an LED with a further low light intensity 1s used for
cost reduction 1s considered. Accordingly, an optical unit
including a plurality of light sources will be described 1n the
present embodiment.

FIG. 14 1s a side view schematically illustrating a lamp
unit according to Fourth Embodiment. FIG. 15 1s a top view
schematically illustrating the lamp unit according to Fourth
Embodiment. A lamp unit 120 according to Fourth Embodi-
ment includes the projection lens 130, the rotating reflector
26, and two LEDs 28a and 28b. F1G. 16 15 a view 1illustrating
a projected 1mage occurring when the rotating reflector 26 1s
in the state illustrated in FIG. 14. A projected 1mage Ia 1s
tormed by the light from the LED 28q arranged forward, 1.¢.,
arranged near to the projection lens 130, while a projected
image Ib 1s formed by the light from the LED 285 arranged
backward, 1.e., arranged away from the projection lens 130.

FIG. 17A 1s a view 1illustrating an 1rradiation pattern
tformed by the LED 28a arranged forward, FIG. 17B 1s a
view 1illustrating an irradiation pattern formed by the LED
28b arranged backward, and FIG. 17C 1s a view 1illustrating
a combined light distribution pattern formed by the two
LEDs. As 1llustrated 1n FIG. 17C, a desired light distribution
pattern can also be formed by using a plurality of LEDs. In
addition, a maximum light intensity, which 1s diflicult to be
attained by a single LED alone, 1s attained in the combined
light distribution pattern.

Subsequently, the case where a light-shielded portion 1s
formed 1n a light distribution pattern by using the lamp unit
120 will be described. FIG. 18A 1s a view illustrating an
irradiation pattern having a light-shielded portion formed by
the LED 28a arranged forward, FIG. 18B is a view 1llus-
trating an 1rradiation pattern having a light-shuelded portion
tormed by the LED 285 arranged backward, and FIG. 18C
1s a view 1llustrating a combined light distribution pattern
having a light-shielded portion formed by the two LEDs. In
order to form the light distribution patterns illustrated in
FIGS. 18A and 18B, the timings of turning on/off the
respective LEDs are appropriately shifted from each other to
match the positions of the respective light-shielded portions.
As 1llustrated mm FIG. 18C, a desired light distribution
pattern having a light-shielded portion can also be formed by
using a plurality of LEDs. In addition, a maximum light
intensity, which is dithicult to be attained by a single LED,
1s attained in the combined light distribution pattern.

Fifth Embodiment

FIG. 19 1s a top view schematically illustrating a con-
figuration mm which an optical unit according to Fifth
Embodiment i1s included.
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An optical unit 150 according to the present embodiment
includes the rotating reflector 26 and a plurality of light
sources each having LEDs as light emitting elements. Of the
plurality of light sources, one light source 152 has a plurality
of LED units 152a, 1526, and 152¢. The plurality of LED
units 152a, 1526, and 152c¢ are ones for concentrating light
and are arranged such that strong concentration of light,
which 1s suitable for a light distribution pattern for high-
beam and 1s oriented toward the front in the traveling
direction, 1s achieved. Of the plurality of light sources, the
other light source 154 has a plurality of LED units 154q and
154b. The plurality of LED units 154a and 1545 are ones for
diffusing light and are arranged such that diffuse light
irradiating a wide range, which 1s suitable for a light
distribution pattern for high-beam, 1s achieved. The number
of the LED units included in each light source 1s not
necessarily required to be two or more, but may be one when
suflicient brightness can be achieved. In addition, it 1s not
needed to always turn on all of the LED units, but part of
which may be turned on in accordance with a situation
where a vehicle travels and a forward state.

The light sources 152 and 154 are arranged such that the
light emitted by each of them 1s reflected by each of the
blades 1n the rotating reflector 26 and at a position different
from that of the other. Specifically, the LED units 152a,
15256, and 152¢ for concentrating light, which are included
in the light source 152, are arranged such that the light
emitted by each of them 1s retlected by the fan-shaped blade
26a located away from a first projection lens 156. Accord-
ingly, a change 1n the position of the light source 152, which
1s generated by the light being reflected with the fan-shaped
blade 26a, can be projected forward by the first projection
lens 156 having a large focal length (low projection mag-
nification). As a result, when a forward region 1s scanned by
rotating the rotating reflector 26 and by using the light
emitted from the light source 152, a light distribution pattern
can be formed, in which a scanming range 1s not too wide and
a narrow range 1s irradiated further brightly.

On the other hand, the LED units 154a and 15456 for
diffusing light, which are included in the light source 154,
are arranged such that the light emitted by each of them 1s
reflected by the fan-shaped blade 26a located nearer to a
second projection lens 158. Accordingly, a change in the
position of the light source 154, which 1s generated by the
light being reflected with the fan-shaped blade 26a, can be
projected by the second projection lens 158 having a small
focal length (high projection magnification). As a result,
when a forward region 1s scanned by rotating the rotating
reflector 26 and by using the light emitted from the light
source 154, a light distribution pattern can be formed, 1n
which a scanning range 1s widened and a wide range 1s
irradiated.

Thus, by arranging the plurality of light sources 152 and
154 such that the light emitted by each of them 1s reflected
at a position on the reflecting surface of the rotating reflector
26, the position being different from that of the other, a
plurality of light distribution patterns can be formed and a
new light distribution pattern can also be formed by com-
bining those light distribution patterns, and hence a further
ideal light distribution pattern can be designed easily.

Subsequently, the position of each projection lens will be
described. As described above, the light emitted from each
of the light sources 152 and 154 1s incident to each projec-
tion lens by being reflected with the blade 26a. For each
projection lens, this 1s equivalent to the fact that light 1s
incident from a secondary light source of each of the light
sources 152 and 154, which 1s virtually formed on the back
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side of the blade 26a. When a light distribution pattern 1s
formed by scanning with light, 1t 1s important to project and
scan a clear light source 1image, the least blurred as much as
possible, 1 order to increase resolution.

Accordingly, 1t 1s preferable that each projection lens 1s
arranged such that the position of the focal point thereof
matches the position of the secondary light source. However,
when 1t 1s taken 1nto consideration that: the positions of the
secondary light sources of the light sources 152 and 154 are
changed with the rotation of the blade 26a; and various
irradiation patterns are required, the positions of all of the
secondary light sources are not necessarily required to match
those of the focal points of the projection lenses.

Based on such knowledge, for example, the first projec-
tion lens 156 1s arranged such that at least one of the
secondary light sources of the light source 152, which are
formed by the reflection with the blade 26a, passes near to
the focal point of the first projection lens 156. The second
projection lens 158 1s arranged such that at least one of the
secondary light sources of the light source 154, which are
tformed by the retlection with the blade 26a, passes near to
the focal point of the second projection lens 158.

FIG. 20 1s a view schematically 1llustrating a light distri-
bution pattern formed by an automotive headlamp compris-
ing the optical unit according to Fifth Embodiment. The
light distribution pattern for high-beam PH illustrated in
FIG. 20 1s composed of both a first light distribution pattern
PH1, which 1s formed by the light source 152 and brightly
irradiates the front ahead of a vehicle to a remote area, and
a second light distribution pattern PH2, which 1s formed by
the light source 154 and irradiates a wide range 1n front of
the vehicle.

The optical unit 150 according to the present embodiment
turther includes both the first projection lens 156, which
projects the light, emitted from the light source 152 and
reflected by the rotating reflector 26, in the light radiation
direction of the optical unit as the first light distribution
pattern PH1, and the second projection lens 158, which
projects the light, emitted from the light source 154 and
reflected by the rotating reflector 26, 1n the light radiation
direction of the optical unit as the second light distribution
pattern PH2. Thereby, different light distribution patterns
can be formed by the single rotating reflector by appropri-
ately selecting each projection lens.

Subsequently, an 1rradiation pattern formed by each LED,
by which the first light distribution pattern PH1 and the
second light distribution pattern PH2 are formed, will be
described. FIG. 21A 1s a view 1llustrating a light distribution
pattern formed by the light sources 152 and 154, and FIGS.
21B to 21F are views each illustrating an 1rradiation pattern
formed by each of the LED units 152q, 1525, 152¢, 154a,
and 15454. As 1llustrated in FIGS. 21B to 21D, the irradiation
pattern formed by each of the LED units 152a, 1525, and
152¢ has a narrow 1rradiation region and a high maximum
light intensity. On the other hand, as illustrated 1n FIGS. 21E
and 21F, the 1rradiation pattern formed by each of the LED
units 154q and 1545 has a wide 1rradiation region, although
a maximum light intensity 1s low. The light distribution
pattern for high-beam illustrated 1n FIG. 21 A can be formed
by superimposing the irradiation patterns formed by the
respective LEDs one on another.

Subsequently, an LED unit included 1n each of the light
sources 152 and 154 will be described 1n turther detail. FIG.
22 A 15 a perspective view of the LED umit according to Fifth
Embodiment, FIG. 22B 1s a sectional view, taken along C-C
Line 1in FIG. 22A, and FIG. 22C 1s a sectional view, taken
along D-D Line mn FIG. 22A. The LED unit 152a included

5

10

15

20

25

30

35

40

45

50

55

60

65

14

in the light source 152 according to the present embodiment
1s formed by an LED 160 and a CPC 162 for concentrating

the light from the LED 160. The LED units 152a, 1525,
152¢, 154a, and 1546 have the same configurations as each
other, and hence the LED unit 152a will be described

hereinafter as an example.

The CPC 162 1s a member in which the LED 160 1s
arranged on the bottom thereof and an opening 162a thereof
has a rectangular shape. The CPC 162 has four side surfaces
(light concentrating surfaces) 1625 to 162¢ cach being
formed from the bottom toward the opening 162a so as to
concentrate the light from the LED 160. The four side
surfaces 16256 to 162¢ have been subjected to mirror finish-
ing such that each of them has a parabolic shape whose focal
point 1s located at the LED 160 or a region near thereto.
Thereby, the light emitted by the LED 160 1s concentrated
and reflected forward. Herein, the light emitted from the
LED 160 1s likely to be diffused 1n the longitudinal direction
of the opening 1624, as illustrated by the dotted lines 1n FIG.
22C. Accordingly, if the heights of all of the side surfaces are
the same as each other, there are sometimes the cases where,
of the light emitted by the LED 160, the light moving toward
the longitudinal direction of the opening 162a cannot be
suiliciently concentrated. That 1s, part of the light emitted
obliquely from the opening without being reflected by the
side surface does not reach the reflecting surface of the
rotating reflector 26.

Accordingly, 1n the CPC 162 according to the present
embodiment, the four side surfaces are formed in the fol-
lowing way: a height H1 of each of the side surfaces 1625
and 162¢, which are present at both end portions 1n the
longitudinal direction of the opeming 1624, 1s larger than a
height H2 of each of the side surfaces 1624 and 162¢, which
are present at both the end portions 1n the short direction
thereof. Thereby, occurrence of diffuse light that does not
reach the reflecting surface of the rotating retlector, of the
light from the LED 160, 1s suppressed and the light incident
to each projection lens 1s increased, and hence the light from
the light source can be efliciently used in lighting.

A light-shielded portion can also be formed i a light
distribution pattern by using the optical umt 150 according
to the present embodiment. FIG. 23A 15 a view 1llustrating
a light distribution pattern having a light-shielded portion
formed by the light sources 152 and 134, and FIGS. 23B to
23F are views each 1llustrating an 1rradiation pattern having
a light-shielded portion formed by each of the LED unaits
152a, 1525, 152¢, 154a, and 15454. As illustrated 1n FIGS.
23B to 23D, the irradiation pattern having a light-shielded
portion formed by each of the LED units 152a, 1525, and
152¢ has a narrow 1rradiation region and a high maximum
light intensity. On the other hand, as 1llustrated 1n FIGS. 23E
and 23F, the irradiation pattern having a light-shielded
portion formed by each of the LED units 154a and 1545 has
a wide 1rradiation region, although a maximum light inten-
sity 1s low. The light distribution pattern for high-beam
having a light-shielded portion, which 1s illustrated in FIG.
23A, can be formed by superimposing the irradiation patters

formed by each LED one on another.

Sixth Embodiment

In the optical units according to the aforementioned
respective embodiments, when light 1s simultaneously inci-
dent to both blades adjacent to each other, two ematted
beams are simultaneously generated 1n directions diflerent
from each other; and hence both the end portions of a light
distribution pattern shine simultaneously. In such a case, 1t
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1s difficult to independently control the irradiation states at
both the end portions of the light distribution pattern.
Accordingly, 1t 1s made that both the end portions of a light
distribution pattern are not irradiated simultaneously by
turning ofl a light source at a timing when light 1s incident
simultaneously to both blades adjacent to each other. On the
other hand, 11 a light source 1s temporarily turned off at the
alorementioned timing, the brightness at both the end por-
tions of a light distribution pattern 1s decreased by some
extent.

Accordingly, in the rotating reflector according to the
present embodiment, a decrease 1n the brightness of a light
distribution pattern i1s suppressed by providing a partition
member between the blades adjacent to each other. FIG. 24
1s a perspective view ol a rotating reflector according to
Sixth Embodiment. In a rotating reflector 164 illustrated 1n
FIG. 24, three blades 1644, cach having a shape similar to
that 1n the alorementioned rotating reflector 26, are aligned
in the circumierential direction of a tubular rotating part
164b. Each of the blades 164a functions as a reflecting
surface. The rotating retlector 164 further includes three
partition members 164¢, each of which is provided between
the blades 164a adjacent to each other to be extended 1n the
rotational shait direction and has a rectangular shape. Each
of the partition members 164¢ 1s configured to suppress the
light from a light source from being incident to the reflecting
surface of one of the blades adjacent to each other in a state
where the light therefrom 1s incident to the retlecting surface
of the other thereotf. Thereby, of the light from a light source
that 1rradiates an end portion of one blade, the light moving
toward an end portion of the adjacent blade can be blocked
to some extent. That 1s, a period of time, during which light
1s simultaneously incident to both the blades adjacent to
cach other, 1s made short, and accordingly, a period of time,
during which the light source 1s being turned oil.

, can be
made short, thereby allowing a decrease in 1rradiation efli-
ciency to be minimized.

Subsequently, the suitable number of the blades provided
in the rotating retlector will be discussed. The automotive
headlamp comprising the optical unit according to each of
the aforementioned embodiments irradiates a forward 1rra-
diation object (e.g., a vehicle, pedestrian, etc.) by reflecting
the light from a light source and scanning a forward region
while the blades 1n the rotating reflector are being rotated.
Accordingly, the irradiation object sometimes becomes
bright when irradiated with light and sometimes becomes
dark when not wrradiated with light; and hence the object
sometimes looks flickering, depending on a condition. It 1s
said that the flicker frequency, at which an 1rradiation object
thus fhickering 1n a resting state 1s no longer perceived as
flickering, 1s required to be 80 Hz or higher.

It 1s also said that, 1n order to reduce a phenomenon in
which a forward 1rradiation object looks powder-like when
the line of sight 1s moved (a so-called stroboscopic ellect),
the tlicker frequency is required to be 300 Hz or higher.
Thus, when flickering and a stroboscopic eflect are taken
into consideration, the scanning frequency of the whole
irradiation pattern 1s required to be 300 Hz or higher. In a
very small region of an wrradiation pattern, however, a
stroboscopic eflect 1s hardly caused in this region during
traveling, and hence the scanning frequency is only required
to be 80 Hz or higher in the narrow region.

It 1s suflicient to determine the number of the blades and
the number of revolutions of the rotating reflector based on
such knowledge. When the shapes of the plurality of blades
are not completely the same as each other, the 1rradiation
patterns scanned by the respective blades are not completely
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the same as each other, as well. FIG. 25A 15 a view
illustrating an 1deal 1rradiation pattern when the shapes of
the respective blades are completely the same as each other,
and FIG. 23B 1s a view 1llustrating an irradiation pattern
when an error 1s caused among the shapes thereof. The
irradiation patterns 1illustrated FIGS. 25A and 25B are
formed when a rotating retlector having two blades is rotated
at a number of revolutions of 100 rps.

When the shapes of the respective blades are completely
the same as each other, an irradiation pattern scanned by any
one ol the blades 1s completely superimposed on those
scanned by the others thereof, as illustrated 1n FIG. 25A.
Accordingly, when an 1rradiation object 1s 1rradiated by such
an 1rradiation pattern, the object tlickers at 200 Hz. On the
other hand, when an error 1s caused among the shapes of the
respective blades, areas near to the outer peripheral portion
of an 1rradiation pattern are shifted from each other depend-
ing on a scanning blade, while central portions are super-
imposed one on another, as 1llustrated 1n FIG. 25B. Accord-
ingly, an 1rradiation object present in the central portion of
an 1rradiation pattern flickers at 200 Hz, while that present
near to the outer peripheral portion thereof flickers at 100
Hz, which 1s the same as the number of revolutions of the
rotating reflector. Thus, when an error 1s caused among the
shapes of the blades, 1t can be considered that flicker
frequencies are different from each other, depending on
irradiation regions of an irradiation pattern.

In the central portion of an irradiation pattern where
influence of a stroboscopic eflect 1s large, as described
above, 1t 1s suflicient to determine the number of revolutions
of the rotating reflector and the number of the blades such
that the flicker frequency of an 1rradiation object becomes
300 Hz or higher. On the other hand, an area near to the outer
peripheral portion of an irradiation pattern 1s narrow, and
hence a stroboscopic eflect 1s hardly caused. Accordingly, 1t
1s suilicient to determine the number of revolutions of the
rotating reflector and the number of the blades such that the
tlicker frequency of an irradiation object becomes 80 Hz or
higher 1n order that the tlickering of the irradiation object
flickering at a resting state 1s not perceived.

For example, 1n the case where the number of the blades
in the rotating reflector 1s two, the scanning frequency in the
central portion of an 1rradiation pattern becomes 300 Hz or
higher and that 1n an area near to the outer peripheral portion
thereol becomes 150 Hz or higher, when the number of
revolutions of the rotating retlector 1s 150 rps or more.
Similarly, in the case where the number of the blades 1n the
rotating reflector 1s three, the scanning frequency in the
central portion of an irradiation pattern becomes 300 Hz or
higher and that in an area near to the outer peripheral portion
thereol becomes 100 Hz or higher, when the number of
revolutions of the rotating reflector 1s 100 rps or more. In the
case where the number of the blades 1n the rotating reflector
1s four, the scanning frequency in the central portion of an
irradiation pattern becomes 320 Hz or higher and that 1n an
area near to the outer peripheral portion thereol becomes 80
Hz or higher, when the number of revolutions of the rotating
reflector 1s 80 rps or more. In the case where the number of
the blades in the rotating reflector i1s five, the scanming
frequency 1n the central portion of an irradiation pattern
becomes 400 Hz or higher and that 1n an area near to the
outer peripheral portion thereof becomes 80 Hz or higher,
when the number of revolutions of the rotating reflector 1s 80
rps or more. In the case where the number of the blades 1n
the rotating reflector 1s six, the scanning frequency in the
central portion of an irradiation pattern becomes 480 Hz or
higher and that in an area near to the outer peripheral portion
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thereof becomes 80 Hz or higher, when the number of
revolutions of the rotating retlector 1s 80 rps or more.

Thus, by appropnately selecting the number of the blades
in the rotating retlector and number of revolutions of the
rotating reflector, occurrence of flickering or a stroboscopic
ellect of an 1rradiation object 1n an 1rradiation pattern can be
reduced. Herein, it 1s desirable that the number of revolu-
tions 1s low from the viewpoint of the durability of a drive
source (e.g., motor) for driving the rotating retlector. On the
other hand, a light source 1s turned off at a timing when a
boundary portion between the blades adjacent to each other
1s 1irradiated, and hence a perlod of time, during which a light
source 1s bemg turned off, 1s increased when the number of
the blades 1s large. Accordmglyj it 1s desirable that the
number of the blades 1s small from the viewpoint of eflicient
use of the light from a light source. Accordingly, the number
of revolutions of the rotating reflector according to the
present embodiment 1s preferably 80 rps and higher and
lower than 1350 rps. In addition, the number of the blades 1s
preferably two, three, or four.

Hereinafter, the rotating reflector having four blades wall
be described. The blow capability of the optical unit 1s
enhanced by increasing the number of blades in this way.
FIG. 26 1s a perspective view of a rotating reflector accord-
ing to a variation of Sixth Embodiment, and FIG. 27 1s a side
view ol the rotating reflector illustrated 1n FIG. 26.

In a rotating reflector 166 1illustrated 1n FIGS. 26 and 27,
four blades 1664 are aligned 1n the circumierential direction
of a tubular rotating part 1665. Each of the blades 166a has
a Tan-like shape whose central angle 1s 90°, and 1s twisted
similarly to the atorementioned rotating reflector. Each of
the blades 166a functions as a reflecting surface. The
rotating reflector 166 further includes four partition plates
166¢, each of which 1s provided between the blades 166a
adjacent to each other and 1s extended in the rotational shaft
direction. Each of the partition plates 166¢ 1s configured to
suppress the light from a light source from being incident to
the retlecting surface of one of the blades adjacent to each
other 1n a state where the light therefrom 1s incident to the
reflecting surface of the other thereof. Thereby, of the light
from a light source that irradiates an end portion of one
blade, the light moving toward an end portion of the adjacent
blade can be blocked to some extent. That 1s, a period of
time, during which light 1s simultaneously incident to both
the blades adjacent to each other, 1s made short, and accord-
ingly, a period of time, during which the light source 1s being
turned ofl, can be made short, thereby allowing a decrease
in 1rradiation ethiciency to be minimized. Herein, each of the
partition plates 166¢ has, 1n its upper portion, two oblique
sides 1661 and 166¢2 that are inclined with respect to the
rotational shaft.

FIG. 28 1s a top view schematically illustrating a con-
figuration 1n which an optical unit according to Sixth
Embodiment 1s included. Configurations and members simi-
lar to those in the optical umt according to each of the
alorementioned embodiments will be denoted with like
reference numerals and description thereof will be appro-
priately omitted.

An optical unit 170 according to the present embodiment
includes the aforementioned rotating reflector 166 and the
alorementioned plurality of the light sources 152 and 154. In
the rotating retlector 166, the partition plate 166¢ 1s provided
between the blades 1664 adjacent to each other. The rotating,
reflector 166 1s arranged 1n the optical unit 170 such that the
rotational shaft R of the rotating reflector 166 1s inclined
with respect to the optical Axis Ax of the optical unit 170.
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The shape of the oblique side 166¢1 of the partition plate
166¢ 1s set so as to pass near to the opening of each of the

LED units 152a, 1525, and 152¢ at a position where the
oblique side 166¢1 faces the light source 152. The oblique
side 166¢1 also has a shape 1n which, when passing the front
of each of the LED umts 152a, 1525, and 152¢, the oblique
side 166¢1 becomes approximately parallel to the alignment
direction of the LED units 152a, 1525, and 152¢. Accord-

ingly, the distance (gap G1) between the oblique side 166¢1
and each of the LED units 152a, 15254, and 152¢, which 1s
generated when the oblique side 166¢1 passes the front
thereol, becomes uniform. As a result, the timing of turming
ofl each of the LED units can be timed with each other.
Herein, i1t 1s desirable that the gap G1 i1s approximately
between 1 to 2 mm. Thereby, 1n a state where the light from
the light source 1s incident to the retlecting surface of one of
the blades adjacent to each other, the light therefrom can be
prevented from being incident to the reflecting surface of the
other of the blades, immediately before the light source
passes just above the partition plate.

On the other hand, the shape of the oblique side 166¢2 of
the partition plate 166¢ 1s set so as to pass near to the
opening of each of the LED units 154a and 1545 at a
position where the oblique side 166¢2 faces the light source
154. The oblique side 1662 also has a shape 1n which, when
passing the front of each of the LED units 154a and 1545,
the oblique side 166c2 becomes approximately parallel to
the alignment direction of the LED units 154a and 1545b.
Accordingly, the distance (gap G2) between the oblique side
1662 and each of the LED units 154a and 15456, which 1s
generated when the oblique side 166¢2 passes the front
thereol, becomes uniform. As a result, the timing of turming
ofl each of the LED units can be timed with each other.
Herein, i1t 1s desirable that the gap G2 i1s approximately
between 1 to 2 mm. Thereby, 1n a state where the light from
the light source 1s incident to the reflecting surface of one of
the blades adjacent to each other, the light therefrom can be
prevented from being incident to the reflecting surface of the
other of the blades, immediately before the light source
passes just above the partition plate.

Thus, the partition plate 166¢ can suppress the light from
the light source from being 1incident to the reflecting surface
of one of the blades adjacent to each other, 1n a state where
the light therefrom 1s incident to the reflecting surface of the
other of the blades; and hence a period of time, during which
the light source 1s being turned off, can be made short. As a
result, a decrease in 1rradiation efliciency as an optical unit
can be mimmized.

Seventh Embodiment

In the present embodiment, a plurality of types of LEDs,
having emitted light colors different from each other as light
emitting elements, are used as a light source. F1G. 29 1s a top
view schematically illustrating a configuration in which an
optical unit according to Seventh Embodiment 1s included.
Hereinafter, an LED will be described as an example of a
light emitting element, but an EL element or LD element
may also be adopted.

An optical unit 180 according to the present embodiment
includes the rotating reflector 26 and a light source 172
having a plurality of types of LEDs each emitting light
having a color diflerent from those of the others. In the light
source 172, a plurality of LED units 172aq and 172b are
formed on the bottom of the CPC 32. In the LED units 172q
and 17256, LEDs each emitting light having a color different
from that of the light emitted from the other, are mounted,
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respectively. For example, an LED that emits blue light may
be mounted in the LED unit 1724 and an LED that emits
yellow light may be mounted in the LED unit 172b.

The light source 172 1s arranged such that the light having,
a first color emitted from the LED unit 172a and the light
having a second color emitted from the LED unit 1725 are
reflected by the blades in the rotating reflector 26. Retlecting,
surfaces of the rotating reflector 26 are provided such that a
predetermined light distribution pattern 1s formed with the
light having the first color and the light having the second
color, which have been reflected by the rotation of the
rotating retlector 26, being superimposed one on another.

Accordingly, the optical unit 180 can form a predeter-
mined light distribution pattern by the rotation in one
direction of the rotating retlector 26. Further, a light distri-
bution pattern having a color, which cannot be achieved by
one type ol LEDs alone, can be formed by a plurality of
types of the LED umts 172a and 17256 having emitted light
colors different from each other. For example, when an LED
that emits blue light 1s mounted 1n the LED unit 172q and an
LED that emits yellow light 1s mounted in the LED unit
1725, the optical unit 180 can form a light distribution patter
having white color.

Thus, white light can be achieved without phosphor by the
optical unit 180 including a plurality of types of LEDs that
emit light having colors diflerent from each other. That 1s,
the optical unit 180 has a large efliciency of using the light
from each of the LEDs that are used for achieving white
light. Accordingly, a current which 1s required to obtain a
luminance necessary as the optical unit 180, can be reduced.

Alternatively, an LED that emits magenta light may be
mounted 1n the LED umt 172q¢ and an LED that emits cyan
light may be mounted in the LED unit 1725. Even by the
light source 172 including such a combination of LED unats,
a light distribution pattern having white color can be formed.
Alternatively, other than the aforementioned combinations
of LEDs, the LED umit 1725 may be configured to emat, as
the light having a second color, light having a color that 1s
in a complementary color relationship with the light having
a first color emitted from the LED unit 172a. The comple-
mentary color relationship used herein can be strictly
defined as a combination of colors that are exactly opposite
in the color circle, but may be a combination of colors by
which a color, which can be generally recognized as white
color, can be achieved, without being limited to such a
combination. For example, when white light 1s achieved by
superimposing the atorementioned blue light and yellow
light one on another, 1t can be said that the blue color and the
yellow color are in a complementary color relationship.
When white light 1s achueved by superimposing the afore-
mentioned magenta light and cyan light one on another, 1t
can also be said that the magenta color and the cyan color are
in a complementary color relationship.

The optical unit 180 according to the present embodiment
may further include a current adjusting unit 174 for adjust-
ing a current flowing through at least one of the LED unaits
172a and 1725b. The current adjusting unit 174 1s configured
to be able to adjust an amount of a current flowing through
cach of the LED units 172a and 17256 and to be able to
change the amount of a current in accordance with the
rotation of the rotating reflector 26. The brightness (lumi-
nance) of each of the LEDs mounted in the LED units 1724
and 172b 1s changed in accordance with the amount of a
current.

Thus, 1n the optical unit 180, the color of a light distri-
bution pattern can be changed by changing the ratio of
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respectively, with the current adjusting unit 174. Accord-
ingly, the optical unit 180 can irradiate a target region with
a light distribution pattern having a color suitable for an
environment i which the lamp 1s used (weather, time,
brightness, etc.) and the attribute of a driver (eyesight, age,
ctc.). In order to determine the use environment of a lamp,
for example, a camera 176 provided for imaging an ambient
environment can be used. The current adjusting unit 174
may 1include an operation unit for determining a highly-
visible color of a light distribution pattern by processing the
date (luminance data and RGB data) on the region imaged
by the camera 176.

The optical unit 180 can also change the distributed light
color of an arbitrary region 1n a light distribution pattern by
periodically changing amounts of current flowing through
the LED units 172a and 1725, respectively, with the current
adjusting unit 174.

FIG. 30 1s a schematic view for explaiming a difference
between distributed light colors 1n a light distribution pat-
tern. For elderly drivers, there 1s the tendency that an object
in peripheral vision can be further easily seen when 1rradi-
ated with yellow light. In addition, a white line on a road can
be further easily seen when 1irradiated with blue light.
Accordingly, a light distribution pattern PH 1illustrated in
FIG. 30 1s preferred, in which regions PH3 and PH4 includ-
ing the left and right periphery of a road are 1rradiated with
yellowish light and the central region PHS including a white
line on the road 1s 1rradiated with bluish light.

In order to achieve such a light distribution pattern PH, a
light source, having both the LED unit 1724 1n which an

LED that emits blue light 1s mounted and the LED unit 1725
in which an LED that emits yellow light 1s mounted, is
preferred. The current adjusting unit 174 controls an amount
of a current flowing through each of the LED units 172a and
1726 such that, at a timing when the light emitted from the
LED umt 1725 1s reflected by the rotating reflector 26 and
the light irradiates the regions PH3 and PH4, an amount of
a current tlowing through the LED unit 17256 becomes
relatively large with respect to the LED unit 172a. Alterna-
tively, the current adjusting unit 174 controls an amount of
a current flowing through each of the LED units 172a and
17256 such that, at a timing when the light emitted from the
LED unit 172a 1s reflected by the rotating reflector 26 and
the light 1rradiates the central region PHS, an amount of a
current flowing through the LED unit 172a becomes rela-
tively large with respect to the LED unit 172b. Thereby, the
alorementioned light distribution pattern PH can be
achieved.

FIG. 31 1s a schematic view for explaiming a difference
between distributed light colors 1n a light distribution pattern
according to the vanation. As described above, the optical
unmit according to the present embodiment can change a
distributed light color depending on a target, when the target
1s 1rradiated with the light emitted from the light source. For
example, a target to be wrradiated with light 1s a person, the
target can be further easily seen by a driver, when 1rradiated
with magenta light. Accordingly, the light distribution pat-
tern PH illustrated in FIG. 31 1s preferred, in which the
regions PH3 and PH4 including the left and right periphery
of a road are irradiated with normal white light and the
central region PHS including a region where the person is
present 1s irradiated with magentaish light.

In order to achieve such a light distribution pattern PH, a
light source, having both the LED unit 1724 1n which an
LED that emits cyan light 1s mounted and the LED umit 1725
in which an LED that emits magenta light 1s mounted, 1s
preferred. The current adjusting unit 174 controls an amount
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of a current flowing through each of the LED units 172a and
17256 such that, at a timing when the magenta light emaitted
from the LED umt 1725 1s reflected by the rotating reflector
26 and the light 1rradiates the central region PHS, an amount
of a current flowing through the LED unit 17256 becomes
relatively large with respect to the LED unit 172a. Alterna-
tively, the current adjusting unit 174 controls an amount of
a current tlowing through each of the LED units 172 and
17256 such that, at a timing when the light emitted from the
LED unit 172a 1s reflected by the rotating reflector 26 and
the light irradiates the central region PHS, an amount of a
current flowing through the LED unit 172a becomes rela-
tively small with respect to the LED unit 1725. Thereby, the
aforementioned light distribution pattern PH can be
achieved.

An optical unit, 1n which two types of LEDs having
emitted light colors different from each other are used, has
been described i1n the aforementioned embodiments; how-
ever, the types of LEDs to be combined together 1s not
limited to two, but may be three or more. FIG. 32 1s a top
view schematically illustrating a configuration 1n which an
optical unit according to a variation of Seventh Embodiment
1s ncluded.

An optical unit 190 includes the rotating reflector 26 and
a light source 182 having a plurality of types of LEDs that
emit light different from each other. In the light source 182,
a plurality of LED units 182a, 1835, and 182¢ are provided
on the bottom of the CPC 32. The LED units 182a, 1825,
and 182¢ are selected so as to emit light having colors
different from each other. For example, an LED that emaits
red light may be mounted 1n the LED unit 1824, an LED that
emits green light may be mounted in the LED unit 18254, and
an LED that emits blue light may be mounted 1n the LED
unit 182¢. The optical unit 190 having such a combination
of LEDs can achieve light distribution patterns having
various colors including white by adjusting a current flowing,
through each LED unit with the current adjusting unit 174.

Further, the optical unit according to the present embodi-
ment can form a light distribution pattern, 1n which a large
range 1s 1irradiated, by scanning with the light from the LED
units with the use of the rotating retlector 26, without a lot
of LEDs being aligned. Furthermore, unevenness of the
color or brightness 1n the light distribution pattern can be
suppressed.

In a white light LED unit 1n which a blue light LED and
a yellow phosphor 1s combined, not only brightness but also
color 1s changed 1n most cases, when an amount of a current
1s changed. In the optical unit according to the present
embodiment, however, a current, flowing through each of a
plurality of types of LED units having emitted light colors
different from each other, can be independently controlled.
Accordingly, even with an LED, the brightness or the color
of which 1s out of standards before, a light distribution patter
having a desired color can be achieved by controlling an
amount of a current in each LED unit. That 1s, the standard
range ol a usable LED can be widened, and hence the
procurement cost of LEDs and the loss cost due to out-of
standard LEDs can be reduced.

The present invention has been described above with
reference to the aforementioned respective embodiments,
but the mnvention i1s not limited to the aforementioned
respective embodiments, and variations 1n which each com-
ponent of the embodiments i1s appropriately combined or
substituted are also encompassed by the invention. In addi-
tion, appropriate changes of the combinations or the orders
of the processes 1n the aforementioned embodiments can be
made and various modifications, such as design modifica-
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tions, can be made with respect to the aforementioned
embodiments, based on the knowledge of those skilled 1n the
art, and embodiments 1in which such modifications are made
can also be encompassed by the present invention.

For example, in the automotive headlamp 10 according to
the atorementioned embodiments, three blades 1n the rotat-

ing reflector 26 may be colored 1n red, green, and blue such
that white 1rradiation light 1s formed by mixing the colors.
In this case, the color of the 1rradiation light can be changed
by controlling the ratio of a time during which the light from
the LED 28 1s retlected by each of the blades having surface
colors different from each other. The surface of the blade can
be colored by forming a top coat layer with, for example,
deposition.

Furthermore, 1n the automotive headlamp 10, a spot light
having a very high maximum light intensity can be formed
at a desired position by stopping the rotating reflector 26 an
an arbitrary angle, without rotating the rotating reflector 26.
Thereby, 1t becomes possible to attract the attention of a
driver by 1rradiating a specific obstacle (including a person)
with bright spot light.

In the lamp unit 20 1llustrated in the FIG. 1, the rotating
reflector 26 1s arranged such that the light from the LED 28
1s reflected by the blade nearer to the convex lens 30 than to
the rotating part 26b. FIG. 33 1s a view 1llustrating arrange-
ment of a rotating reflector according to the variation. As
illustrated 1n FIG. 33, the rotating reflector 26 according to
the variation 1s arranged such that the light from the LED 28
1s reflected by the blade farther from the convex lens 30 than
from the rotating part 265. Accordingly, the rotating reflector
26 can be arranged further near to the convex lens 30 as
illustrated 1n FIG. 33, and hence the depth (vehicle longi-
tudinal direction) of the lamp unit can be made compact.

Herein, the aspheric lens to be used 1n the atorementioned
embodiments 1s not necessarily required to have a function
of correcting a distorted image, and may be one not cor-
recting a distorted image.

The case where the optical unit 1s applied to an automo-
tive headlamp has been describe in the aforementioned
embodiments; however, the application of the optical unit 1s
not limited to this field. The optical unit may be applied, for
example, to lighting devices on stages or in recreational
facilities where lighting 1s performed by switching various
light distribution patterns one to another. A lighting device
to be used 1n these fields 1s required to have a large-scale
mechanism before; however, when an optical unit according
to the present embodiment 1s used, a large-scale mechanism
1s not required and the lighting device can be miniaturized,
because various light distribution patterns can be formed by
the rotation of a rotating retlector and turning on/off of a
light source.

Herein, in the optical unit according to the aforemen-
tioned Sixth Embodiment, a plurality of light sources are
arranged 1n the vehicle longitudinal direction, but the light
sources may be arranged in the vertical direction of the
optical axis. Thereby, a region can also be scanned 1n the
up-down direction with the light from the light source.

What 1s claimed 1is:

1. An optical unit comprising:

a light source including both a first light emitting element
for emitting light having a first color and a second light
emitting element for emitting light having a second
color that 1s different from the first color;

a rotating retlector configured to be rotated 1n one direc-
tion around a rotational shaft defining a rotational axis,
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while reflecting the light having the first color and the
light having the second color, which have been emaitted
from the light source; and

a projection lens arranged ahead of the rotating retlector,
wherein

the rotating retlector includes:
a rotating part; and
a plurality of blades provided around the rotating part

and functioning as a reflecting surface,

cach of the plurality of blades having a twisted shape in
which an angle between an optical axis and the reflect-
ing surtace 1s changed moving toward a circumierential
direction around the rotational axis and being config-
ured to project a scanning irradiation beam by passing

in front of at least one of the first light emitting element
and the second light emitting element, and

in the rotating reflector, the retlecting surface 1s provided
such that a predetermined light distribution pattern 1s
formed with the light having the first color and the light
having the second color, which have been reflected by
the rotation of the rotating reflector, being superim-
posed one on another.

2. The optical unit according to claim 1, wherein

the second light emitting element emits, as the light
having the second color, light having a color that 1s in
a complementary color relationship with the light hav-
ing the first color.

3. The optical unit according to claim 1 further compris-

ng:

a current adjusting unit configured to adjust a current
flowing through at least one of the first light emitting
clement and the second light emitting element.

4. The optical unit according to claim 1, wherein the
rotating reflector 1s configured to cause a light source virtual
image formed by light reflected by the rotating reflector to
be moved near a focal point of the projection lens.

5. The optical unit according to claim 4, wherein a
projected 1mage 1s moved for scanning in a horizontal
direction by the rotation of the rotating reflector.

6. The optical unit according to claim 1, wherein the light
source includes a first light source and a second light source,
and

the first light source includes the first light emitting
clement and the second light emitting element;

the first light source and the second light source are
arranged such that a position at which light emaitted by
the first light source 1s reflected by one of the plurality
of blades 1s different from a position at which light
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emitted by the second light source is reflected by the
one of the plurality of blades.

7. The optical unit according to claim 1, wherein the
optical unit 1s capable of changing a distributed light color
of an arbitrary region in a light distribution pattern by
periodically changing amounts of current flowing through
the light source.

8. An optical unit comprising;

a light source including a first light emitting element for
emitting light having a first color, a second light emit-
ting element for emitting light having a second color
different from the first color, and a third light emitting
clement for emitting light having a third color different
from the first color and the second color;

a rotating reflector configured to be rotated in one direc-
tion around a rotational shait defining a rotational axis,
while reflecting the light having the first color, the light
having the second color, and the light having the third
color; and

a projection lens arranged ahead of the rotating reflector,
wherein

the rotating retlector includes:

a rotating part; and
a plurality of blades provided around the rotating part
and functioming as a reflecting surface,

cach of the plurality of blades having a twisted shape 1n
which an angle between an optical axis and the reflect-
ing surtace 1s changed moving toward a circumierential
direction around the rotational axis and being config-
ured to project a scanning rradiation beam by passing
in front of at least one of the first light emitting element,
the second light emitting element, and the third light
emitting element, and

in the rotating reflector, the reflecting surface 1s provided
such that a predetermined light distribution pattern

having white color 1s formed with the light having the

first color, the light having the second color, and the

light having the third color, which have been retlected

by the rotation of the rotating retlector, being superim-
posed one on another at the projection lens.

9. The optical unit according to claim 8 further compris-
ng:

a current adjusting unit configured to adjust a current
flowing through at least one of the first light emitting
clement, the second light emitting element, and the
third light emitting element.

10. An automotive headlamp provided with the optical

unit of claim 1.
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